This paper presents the results of multi-criteria decision-making (MCDM) approach for flood risk and sediment management in dynamic alluvial fan. The study is based on real problems of Koshi River, Nepal. Criteria weighting for each measure were estimated using Entropy, AHP and AHP-Entropy techniques. Preference ranking of alternatives was prioritized using MCDM methods-ELECTRE, TOPSIS and SAW. Five alternate measures for flood risk management and eight alternate measures for sediment control with seven evaluation criteria comprising economic, social, environmental and political aspects were taken into account. The Spearman's rank correlation coefficient between the criteria weighting techniques AHP and AHP-Entropy, Entropy and AHP-Entropy and AHP with Entropy were 0.964, 0.429 and 0.321 respectively. Preference ranks were determined using nine combinations of criteria weighting techniques and preference ranking methods. In the case of flood risk management, using of old Koshi channel was recommended as the highest prioritized solution. Similarly, for sediment control, reduction of upstream sediment supply was recommended as the top prioritized measures. The Euclidean distance test for each pairs of criteria weighting and prioritization methods showed all three MCDM methods of preference ranking were sensitive to weighting. On implementation of the recommended measures, local people of Sunsari, Saptari and Morang districts of Nepal will be highly benefited.
Introduction
Nepal is one of the worst flood-affected countries and frequently suffers from different kinds of water-induced disasters like landslides, debris flow, flooding and sedimentation. Most of the major rivers, which flow through Nepalese territory, are of snow fed characteristics and trans-boundary type. They originate from the Himalayas; flows through Siwaliks and Terai plain before crossing the Nepal-India border and are taken as the boon to these areas. However, during the monsoon season these rivers suffering from flash flooding become devastatingly hostile, cause damages to the infrastructures, farmland, settlements, and lives, and thereby become curse to these regions at the same time. Flood control in Nepal especially in the Terai region (Southern flat plain of Nepal) is a relatively recent issue. Until the middle of the past century natural forests covered the Terai and population was limited, also because of the malaria risks. After the eradication of malaria and the related deforestation the population density of the Terai increased substantially, amongst by the migration from hill tribes into the Terai. The forests were cut to allow for amongst others indigo plantations [1] .
The increased rate of deforestation put the pressure for additional flood control measures.
The Koshi River is one of the major rivers in South Asia having snow fed characteristics. The Koshibasin is roughly located between 85˚ to 89˚ east longitude and 25˚ to 29˚ north latitude. The Koshi is a trans-boundary river, originating in Tibet, flowing through the Himalaya, through the eastern part of Nepal and the flat plain of Indian north territory [2] . The Koshi River, located on one of the most active alluvial fans in the world, poses major challenges in flood management and in coping with the excessive quantities of sediment entering the alluvial plain. The river formed an inland delta, a huge alluvial fan [3] . After 2008 disaster [3] , sustainable flood risk management and sediment control in Koshi alluvial fan have been challenging issues.
Multi-criteria decision making (MCDM) is a decision support tool that describes a set of methods for structuring and evaluating alternatives on the basis of multiple criteria and objectives [4] . Three separate steps are utilized in MCDM models to obtain the ranking of alternatives: determine the relevant criteria and alternatives, attach weights to the criteria and numerical measures to the impacts of the alternatives on these criteria and finally process the numerical values to determine a ranking score of each alternative [5] . In the multi-criteria models the weights of criteria play a very significant role and they have different interpretations depending on context of decision making, on multi-criteria analysis methods [6] . Due to knowledge induced from the participation of several actors MCDM techniques can handle the inherent complexity and uncertainty of problems [7] . Mateo (2012a) describes MCDM as an advanced tool that can enhance the quality of decisions by making the process more explicitly rational and efficient leading to justifiable and explainable choices. Moreover, MCDM provides an adequate platform for stakeholders to communicate their personal preferences facilitates compromise and group decisions and promotes the role of participants in decision process as well [8] . The combinations of these characteristics enable the development of real participatory processes, which are crucial Journal of Water Resource and Protection for the implementation of successful and long lasting flood management programs [9] . Since 1990s, MCDM has been successfully applied for the selection of best strategies of flood risk mitigation thus supporting for the optimization and allocation of available resources [10] [11] [12] . Recently, MCDM has also been applied to access the flood risk and coping capacity [13] [14] [15] .
Since 1960s, dozens of MCDM techniques have been developed [16] . All the MCDM techniques are divided into concordance sub-group, compromising sub-group and scoring sub-group. Despite large number of MCDM methods, none is perfect and applicable to all decision problems. The selection of an appropriate tool will depend on the problem type and decision maker's objectives. [19] . From the analysis of 128 peer-reviewed papers on multi-criteria decision making for flood risk management published from 1995 to 2015, Evers et al. (2016) concluded that AHP was the most popular method followed by TOPSIS and SAW. Based on the previous applications, objectives of the study and specific problems of the study area as well, Entropy, AHP and AHP-Entropy techniques are used for criteria weighting. Moreover, for preference ranking of alternatives, one method from each sub-group of MCDM methods is chosen. The selective methods include ELECTRE from the concordance sub-group; TOPSIS from compromising sub-group and SAW from the scoring sub-group. This paper aims to develop a methodology to prioritize alternative measures for flood risk management and sediment control in a dynamic alluvial fan with the MCDM approach.
The rest of this paper is structured in the following manner. A description of the study area is presented in Section 2. In Section 3, a brief review of materials and methods is provided. Section 4 summaries results. Analysis of results and discussion are dealt in Section 5. Finally, the conclusion is reported in section 7
followed by sensitivity analysis in Section 6.
The Koshi Alluvial Fan and Study Area
The Koshi River is a trans-boundary river flowing through Tibet (China), Nepal and India. It is one of the largest tributaries of the Ganges River. The entire Koshi river basin has an area of 69,300 km 2 up to its confluence with Ganges in India, out of which 29,400 km 2 lies in China, 30,700 km 2 in Nepal and 9200 km 2 in
India. The Koshi basin occupies eastern part of Nepal ( Figure 1 ).
Koshi River in Nepal has seven major tributaries: Sunkoshi, Tamakoshi, Dudhkoshi, Indrawati, Likhu, Arun and Tamor. At Barahkshetra in Nepal it emerges from mountains and becomes the Koshi River. After flowing another 58 km it crosses into Bihar (India) near Bhimnagar and after another 260 km joins Journal of Water Resource and Protection 
Materials and Methods

Alternative Measures
Long-term visions of flood management strategies are the starting point to reduce the problems of Koshi River system. Both structural and non-structural Journal of Water Resource and Protection 
Controlled Flooding, Flood Storage (Q4)
In this measure, the flood peak is supposed to be lowered by extracting discharge using selected and prepared inundation areas ( Figure 7 ). Construction of new hydraulic structure is needed or a part of the embankment needs to be destroyed Journal of Water Resource and Protection Possible measures to reduce such sediment supply are bottom or bank protection; check dams and reforestation to decrease the supply of sediment at its origin. The processes which are responsible for the high sediment load of the river i.e. landslides, bank and bottom erosion and GLOFs, have to be reduced.
Koshi High Dam (S2)
This alternative is common to hydraulic measures ( Figure 8 ). The high dam traps the sediment transported by the Koshi. Downstream of the dam, the aggrading riverbed changes into a degrading one.
Narrowing of the River with Permanent Structures (S3)
In this measure, permanent structures are constructed narrowing the river to close off channels ( Figure 10 ). The higher flow velocities resulted from reducing the flow area by narrowing the river the sediment load is transported over longer distances. In Nepal side, this solution may provide more spaces for people and more agriculture land may be reclaimed. However, problems are moved further downstream to India side. It is costlier and lots of maintenance work is needed.
It may be temporary solution because of downstream sedimentation. Indian side may be reluctant to implement this solution.
Narrowing of the River, but with Recurrent Measures (S4)
In this measure, certain channels are closed off and the river is narrowed by recurrent river training measures ( Figure 11 ). The narrowing will induce higher Journal of Water Resource and Protection 
Controlled Flooding with Storage Areas (S7)
In this measure, water and sediment are temporarily stored with regulating system in low areas ( Figure 7 ). Hydraulic structures, such as an inlet with levees, compartmentalization with levees, have to be built. A warning system is needed and consensus with the local people has to be reached for effective implementation.
Removing Embankments and the Koshi Barrage (S8)
In this measure, embankments and the Koshi barrage are supposed to be re- 
Evaluation Criteria
Flood imposes destruction effects on social, ecological and economic environ- 
Methodology
The methodology of this study is basically formulated in the sequences of criteria weighting, preference ranking of alternatives and recommendation of optimal alternatives with established MCDM techniques. Based on advantages and disadvantages, stakeholder's opinion, each criteria are valued in very positive (+++) to very negative (−−−). Indicators for each alternative and criteria for both hydraulic measures and sediment control measures are summarized in Table 2 .
Weighting indexes are estimated using Entropy, AHP, and the combination Entropy and AHP techniques. Shannon's Entropy is a well-known method in obtaining the weights for MCDM problems especially when obtaining a suitable weight based on the preferences and decision-making experiments are not possible. Analytic hierarchy process method (AHP) proposed by Saaty (1980) is the proven subjective method for determining weight. When applying the AHP, the preferences of the decision criteria are compared in a pairwise manner with regard to the criterion preceding them in the hierarchy. If two criteria are of equal importance, a value of 1 is given in the comparison, whereas a value of 9 indicates the absolute importance of one criterion over the other (Table 3 ). The weighting indexes for third technique i.e. combination of entropy and AHP are obtained using Equation (1) . The preference ranking of alternatives for both Journal of Water Resource and Protection SAW abbreviated for Simple Additive Weighting, which is also known as, weighted linear combination or scoring methods is a simple and most often used multi attribute decision technique. The method is based on the weighted average. It is one of the simplest methods of the MCDM methods [23] . An evaluation score is calculated for each alternative by multiplying the scaled value given to the alternative of that attribute with the weights of relative importance directly assigned by decision maker followed by summing of the products for all criteria (Table 4 ).
Results
Preference Ranking of Alternatives
Altogether nine combinations of criteria weighting and preference ranking MCDM methods are analyzed to prioritize alternatives for both hydraulic measures and sediment control measures and results are presented in tabular form (Table 5, Table 6 ).
From the final ranking of alternatives the preferred solutions for hydraulic measures can be prioritized as follow:
Where, AE-E = weighting by AHP and Entropy and preference ranking by ELECTRE method, AE-T = Weighting by AHP and Entropy and preference ranking by TOPSIS method, AE-S = Weighting by AHP and Entropy and From the final ranking of alternatives the preferred solutions for sediment control measures can be prioritized as follow: S1 > S4 > S5 > S3 > S2 > S6 > S7 > S8
Discussion
Based on this study, it is evident that different alternative solutions of flood risk and sediment control measures of Koshi alluvial fan have different prioritization levels ( Table 5) The results (Table 7) show that correlation coefficient for combination of criteria weighting techniques AHP with AHP-Entropy is very high (0.964). This suggests that the results of these two techniques are very close together and while the correlation between Entropy and AHP technique is much lower (0.321) indicating the lack of consistency in the results of those two techniques together. The t-test of Spearman's rank correlation coefficient in significance level (α) = 0.05 and degree of freedom (n − 2) = 5, correlates the weighting techniques establishing the correlation status (Table 8 ).
The correlation status shows that results of the two techniques, Entropy and AHP, are not correlated. In other words, the results of these techniques are very different from each other. On the other hand, the combination of weighting techniques AHP and AHP-Entropy possess high correlation showing the closer results. Moreover, a combination of Entropy and AHP-Entropy possess low correlation. for each pair is determined ( Table 9 , Table 10 ). In this approach, calculated distance between two techniques shows degree of similarity between these techniques. If the calculated distance is less, there is more similarity between two techniques and vice-versa.
In Table 9 & 
Conclusions
Multi-criteria decision making approaches were applied to assess prioritization of technical measures for flood risk management and sediment control in Koshi alluvial fan. Criteria weighting indexes were estimated using weighting techniques Entropy, AHP and AHP-Entropy. Preference ranking of alternatives of technical measures was completed using multi-criteria decision making (MCDM) methods-ELECTRE, TOPSIS and SAW. Five alternate measures for flood risk management and eight alternate measures for sediment control with seven evaluation criteria comprising economic, social, political and environmental aspects were taken into account. The Spearman's rank correlation coefficient and t-test showed strong correlation between the criteria weighting techniques AHP and AHP-Entropy, weak correlation between Entropy and AHP-Entropy and no correlation between AHP and Entropy. Preference ranks were determined using nine combinations of criteria weighting techniques and preference ranking methods. Considering average value of results for all nine combinations, alternate measures were prioritized and recommended. In the case of flood risk management, among intended hydraulic measures, using of old Koshi channel was recommended as the highest prioritized and raising embankments, the least prioritized measure. Similarly, for sediment control, reduction of upstream sediment supply and removing embankments and Koshi barrage were recommended as top and least prioritized measures respectively. The Euclidean distance test for each pair of criteria weighting and prioritization methods showed all three MCDM methods of preference ranking ELECTRE, TOPSIS and SAW were sensitive to weighting.
The results of this study can be utilized by local authority as base line information for the structural measures for sustainable flood risk management and sediment control. The methodology used in this study can be applied to other rivers having similar physical characteristics and dynamic alluvial fan. On implementation of the recommended measures, local people of Saptari, Sunsari and Morang districts of Nepal will be highly benefited. The study didn't incorporate non-structural measures of flood risk management including mapping vulnerable areas, changing cropping pattern and establishment of flood early warning system (FEWS) and recommended for further study.
